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abstract. A 5-year-old castrated Japanese domestic cat was presented with persistent vomiting. Ultrasound examinations revealed many 
masses only in the liver, and the fine needle aspiration was performed. Cytologically, polygonal or oval shaped tumor cells forming rosette 
and cord-like patterns were demonstrated, and then, the hepatic lesions were diagnosed as neuroendocrine carcinoma tentatively. The cat 
died one month after admission and was necropsied. Histopathologically, the tumor cells of the hepatic mass were arranged in typical rosette 
and cord-like structures. They were considerably uniform in size with hyperchromatic round nuclei and eosinophilic cytoplasm. Most of 
tumor cells were immunopositive for chromogranin A, and some were positive for gastrin. The findings indicate the possibility that the 
present case was a gastrin-producing neuroendocrine carcinoma. 
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Neuroendocrine carcinomas (carcinoids) are malignant 
tumors arising from neuroendocrine cells. These tumor cells 
are known to produce biogenic amines and peptides [3]. 
Therefore, some neuroendocrine carcinomas produce patho- 
logical condition with endocrine malfunctions. In dogs and 
cats, the case reports concerning these tumors have been lim- 
ited. Previously, neuroendocrine carcinomas were found in 
several organs including the intestines [6, 10, 13], skin [4, 7], 
nasal cavity [11], bile duct [5], gallbladder [5] and liver [2, 
5, 8, 9]. Moreover, hepatic neuroendocrine carcinomas have 
been very rare in the cats. To the authors' knowledge, only 
4 case reports described primary hepatic neuroendocrine 
carcinomas in cats [1, 2, 5, 9]. In 1992, the first case study 
in a cat was recorded among 47 feline neoplasms of hepatic 
biliary system at observation period from 1980 to 1989 [5]. 

The present paper describes clinical and pathological 
features of a feline hepatic neuroendocrine carcinoma with 
gastrin immunoreactivity. 

A 5-year-old castrated Japanese domestic mongrel cat was 
presented with persistent vomiting and anorexia for three 
months and was referred to Shikoku Veterinary Medical 
Center (SVMC). In the complete blood count, the platelet 
count was slightly decreased (140 x 10 3 ////;reference range: 
300-800 x 10 3 //Ltl). The other values were within the normal 
range. The biochemical examination using a plasma con- 
stituent revealed increases in alanine aminotransferase (ALT, 
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279 U//; reference range: 22-84 U/l), glutamic oxaloacetic 
transaminase (GOT, 151 U//; reference range: 26-43 U/l) 
and glucose (175 mg/d/; reference range: 50-150 mg/d/), and 
a decrease in potassium (3.2 mEq//; reference range: 4.0-4.5 
mEq//). The cat tested positive for feline immuno-deficiency 
virus (FIV) and negative for feline leukemia virus (FeLV). 
Endoscopic examinations revealed the gastric ulcer. Ultra- 
sound examination revealed many hyperechoic mass lesions 
in the liver. The range of the diameters of mass was from 
1-3 cm (Fig. 1). The fine needle aspiration cytology was 
performed at the same time and then stained with Wright- 
Giemsa. There were many polygonal or oval shaped tumor 
cells with few red blood cells in the specimens. Cytologi- 
cally, these tumor cells tend to be attached, forming rosette 
and cord-like patterns. The tumor cells were similar and of 
moderate size with hyperchromatic round nuclei and scant 
cytoplasm (Fig. 2). Based on these cytological findings, we 
initially diagnosed as a hepatic neuroendocrine carcinoma. 
Since surgical procedure is difficult and prospective progno- 
sis of the tumor is poor, the cat received the supportive care 
for vomiting. 

The cat died one month after admission, and necropsy was 
performed on the same day with informed consent. There 
were grossly white or red multiple nodules in all lobes of the 
liver. The nodules were solid and 1-3 cm in diameter (Fig. 
3). Extrahepatic bile ducts and gallbladder were not affected. 
The metastatic masses were not found in the other visceral 
organs. The mild multiple gastric erosion with hemorrhage 
was observed. 

Tissue samples from all visceral organs were fixed in 10% 
neutral formalin, dehydrated in a graded series of ethanol, 
embedded in paraffin and stained with hematoxylin and eo- 
sin (HE). Histopathologically, the hepatic nodules consisted 
of solid proliferation of the tumor cells with multiple necro- 
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Fig. 1 . Ultrasound examination of nodular changes in the liver. The arrows show hyperechoic nodules with irregular border. 
Fig. 2. Cytologically, the tumor cells tend to be attached, forming rosette- or cord-like patterns. Wright-Giemsa (x 400). 
Fig. 3. Gross appearence of the liver. The white or red multiple nodules are scattered in all lobes of the liver. 

Fig. 4. The hepatic nodules consist of solid proliferation of the tumor cells, and the neoplastic foci are loosely demarcated from the intact 
hepatic tissues. HE (x 100). 

Fig. 5. The tumor cells are arranged in rosette, cord-like and solid structures in the liver. They are separated by fine fibro vascular stroma. 
HE (x 400). 

Fig. 6. Immunoreactivity of the tumor cells for chromogranin A (a) and gastrin (b). Most of tumor cells are immunopositive for chromo- 
granin A, and some are immunopositive for gastrin. Immunostaining with hematoxylin counter stain (x 400). 
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sis, and the neoplastic foci were loosely demarcated from the 
intact hepatic tissues (Fig. 4). The tumor cells were arranged 
in rosette, cord-like and solid structures, and they were 
separated by fine fibrovascular stroma (Fig. 5). The tumor 
cells were considerably uniform in size with hyperchromatic 
round to oval nuclei and eosinophilic cytoplasm with many 
granules. The nucleus/cytoplasm ratio was high. The mi- 
totic cells were found zero to 2 per high-power field. In the 
stomach, the erosion was recognized. The lack of mucosal 
epithelium and glandular epithelium was observed there. 
Inflammatory cells including macrophages and lymphocytes 
infiltrated the remained lamina propria. No neoplastic le- 
sions were found in other organs examined. In particular, 
no lesions were recognized in the gastrointestinal tracts and 
pancreas. 

Immunohistochemical stains were performed using the 
Envision polymer reagent (Dako-Japan, Kyoto, Japan). 
Primary monoclonal antibodies were against chromogranin 
A (Dako-Japan), hepatocyte (Dako-Japan), somatostatin 
(Dako-Japan), cytokeratin AE1/AE3 (Dako-Japan) and gas- 
trin (prediluted, Dako) antigens. The antigen retrieval pre- 
treatments and dilution of the antibodies were based on the 
manufacturer's recommendations. Most of tumor cells were 
immunopositive for chromogranin A (Fig. 6a). The tumor 
cells were also immunopositive for gastrin (Fig. 6b). The 
percentage of positive cells for gastrin was approximately 
9.7% of the tumor cells when positive cells were counted 
in randomly selected- 10 fields under the 40x objective lens. 
There was no tendency in the distribution of the positivity 
for gastrin. The tumor cells were negative for hepatocyte, 
somatostatin and cytokeratin AE1/AE3. Based on these find- 
ings, we definitively diagnosed as a hepatic neuroendocrine 
carcinoma. In addition, the immunohistochemical results 
indicate the possibility that the present case has the nature of 
a gastrin-producing tumor. 

In cyto logical diagnosis, it would be difficult to distinguish 
neuroendocrine carcinoma from cholangiocarcinoma due 
to their similar tubular or rosette-like structures. However, 
vesicles in nuclei of cells and presence of the mesenchymal 
cells inducing severe fibrosis might be helpful for diagnosis 
of cholangiocarcinoma. Histopathologically, neuroendocrine 
carcinoma can be also confused with cholangiocarcinoma. 
However, it is worth remembering that neuroendocrine 
carcinoma cells do not contain mucin. In addition, variable 
amount of fine fibrovascular stroma with an abundant vas- 
cular supply is characteristic in neuroendocrine carcinoma. 
Morphologically, the cells tend to be oriented toward the 
basement membrane and vary from polyhedral elongate co- 
lumnar shape. Moreover, an immunohistochemical study can 
be very useful approach. Immunohistochemical detection of 
neuron-specific enolase or specific neurosecretary products, 
such as chromogranin A, assists in making a diagnosis [3]. 
From comprehensive evaluation with histopathological and 
immunohistochemical examinations, we could achieve de- 
finitive diagnosis in this case. 

Gastrointestinal and pancreatic neuroendocrine cells 
belong to the diffuse neuroendocrine cell complex, which 
secretes amines and peptides for the purpose of maintaining 



homeostasis of the body. There are specific tumors arising 
from neuroendocrine cells known to produce amines and 
peptides [3]. Therefore, some neuroendocrine carcinomas 
have endocrine functions. Zollinger-Ellison syndrome in 
humans and domestic animals is caused by a functional 
tumor of gastrin-producing cells. This results in a marked in- 
crease in serum gastrin concentration that serves as a potent 
stimulus for gastric acid secretion. Then, secondary severe 
gastrointestinal ulcers will be produced with the gastric acid 
hypersecretion. The first case resembling Zollinger-Ellison 
syndrome in a dog was described in 1976. To date, one fe- 
line and seven canine cases have been described [12]. We 
supposed that the present neuroendocrine carcinoma was the 
functional tumor and could be called as "gastrin-producing 
carcinoma" based on its gastrin-positive immunohisto- 
chemical results and clinical features of the present case. 
Although we could not evaluate a serum gastrin level, it will 
be speculated high serum gastrin level in the survival time. 
In hepatic neuroendocrine carcinoma, intrahepatic, lym- 
phogenous and transcoelomic metastases are frequent [3]. In 
spite of no metastasis to any other organs in this case, the cat 
died soon after admission. Thus, we considered that the cat 
could not gain enough nutrients with chronic vomiting by 
gastrointestinal disorder due to gastrin hypersecretion. 

As far as we know, there were no reports concerning on 
hepatic gastrin-producing tumor in a cat. Even though it is 
rare to encounter neuroendocrine carcinoma (carcinoid), the 
tentative diagnosis can be made by clinical symptom and cy- 
tology in animal's survival time. For the definitive diagnosis 
of this tumor, detailed histological and immunohistochemi- 
cal examinations are required. 
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